A 



(19) 



J 



EuropSlsches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(ID EP1 115 777 B1 

EUROPEAN PATENT SPECIFICATION 



(45) Date of publication and mention 
of the grant of the patent: 
24.07.2002 Bulletin 2002/30 

(21) Application number: 99925939.3 

(22) Date of filing: 27.05.1999 



(51) Intci7: C08J 9/00, C08J 9/38, 
B29C 44/56 

(86) International application number: 
PCT/US99/11754 

(87) International publication number: ( 
WO 00/15697 (23.03.2000 Gazette 2000/12) 



(54) PERFORATED FOAMS 

PERFORIERTE SCHAUME 
MOUSSES PERFOREES 



(84) Designated Contracting States: 

AT BE CH DE DK ES Fl FR GB GR IE IT LI NL SE 

(30) Priority: 17.09.1998 US 100699 P 

(43) Date of publication of application: 
18.07.2001 Bulletin 2001/29 

(73) Proprietor: THE DOW CHEMICAL COMPANY 
Midland, Michigan 48674 (US) 



m 

lO 

y— Note: Within nine months, from the publication ot the mention ol the- grant of the European patent, any person may give 
notice to the European Patent Office ot opposition to the European patent granted. Notice ol opposition shall be filed in 
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art. 

|"j 99(1) European Patent Convention). 



(72) Inventor: PARK, Chung, P. 
D-76532 Baden-Baden (DE) 

(74) Representative: 

Sternagel, Fleischer, Godemeyer & Partner 

Patentanwalte 

Braunsberger Feld 29 

51429 Bergisch Gladbach (DE) 



(56) References cited: 
EP-A- 0 602 262 



US-A-4154 785 



Printed by Jouve, 7S001 PARIS (FR) 




EP 1 115 777 B1 

Description 



20 



25 



rela,es ,0 ,oams in 9eneral ' and more particulart » to ,hemoplas,ic po *™ foa - 

mM^^t^^T^ support,n 9 stnjcture ° r dedication. In addition, mineral fiber products 

?£Z c °. 9 Skm ,m,at,on and P ossib| y Presenting a health hazard 

S, f ? f ee " Utili2ed 38 S ° Und insulatin 9 ma,erials - F °r sample, WO 95/141 36 discloses multilav 

f00041 U S pJIm! ,1™.?,** ' eSS tha " sat,sfact0 'y sound Insulation for demanding applications. 
Sf J! i^S ; .? . * 8 t0U9h b ° ard °' ,heml0 P last « ^in foam with skin layers on both surfaces 
hereof and fomied a large cell elongated in the direction of the thickness of the board. The board also has an inter 
mediate layer thicker than 0.1 mm that .ies about halfway between the skin layers. Bmad prepaTaSo^ InSudes me 
Chanel compression, as opposed to free foaming, to form the intermediate layer 

9h 1°J WiShin9 10 b6 b ° Und by any particlj|ar to* 0 * the usefulness of a particular polymeric foam in 
anST fTf (,0 : eXamp,e ' sound ^^on a "<* ^und insulation) it is be.ieved by the Invento^he 1« 

S% To bed :r nden,uponthef0 ^^^ 

than about 2 mm; 2 substantial* open-ce.l structure and 3) relativefy large por! .connecting the 3? in "rderEte 

S^oTe Tlf^ 6 f0am Sh ° Uld P ° SSeSS 8 SUbStamia " y ° pen " cel1 st ™ ture a "° a re.ative;traimow 
a'tSo^ 

- =^ 

ref Howe., theS 

fe! rrr 6 " 18 l ° their hydn>ly,iC inStabMity - "n*™!*"'!" polymer foams are generally inexpensive to manu- 

40 Kstfo'n^fi'eJZ? !"T ,heml0p,astfc po * mer foams -e reported to be useful in sound management, ft 
is questionable whether their sound management performance is satisfactory for a demandino aoolication «-a fo 

nnnp, ^ 11 ' 1988 ' an<JW ° 95/14136 .*° DowChemical, published May 26, 1995) y nam| t Nobel AG, pub 
0008] Therefore, there remains a need in the art for foams which provide sound deadening properties satisfactorv 

M d o e .srrr uons ' whfch have mechanicai strength - which - — — « - ^z:t:^z 

haS JUS iS metbY PreSem inVemi ° n - ThUS ' the Present invention provides thermoplastic polymer foams 
Se^gTa^ 

nan about 50 percent of the cells have been opened by mechanical means 

[0013] '"ye'stil.ano t herembodiment !t hepre S en.inven.ionprovidesprocessesforpreparingthermoplasticpolymer 



45 



50 



55 



2 




EP 1 115 777 B1 

• foam structures having an average cell size of greater than about 2 mm, and wherein greater than about 50 percent 
of the cells have been opened by mechanical means. 

[0014] The foams of the present invention are particularly useful for sound absorption, sound insulation, fluid ab- 
sorption, filtering, cushion packaging and other applications requiring one or more of the following properties: sound 
5 deadening or sound damping properties, mechanical strength, economical manufacture, and hydrolyticaflly stability. 
[0015] FIG. 1 depicts process for preparing a foam of the present invention wherein closed-cells within a foam are 
being opened by perforation. 

[0016] FIG. 2 depicts a process for preparing a foam of the present invention wherein elongated closed-cells within 
a foam are being opened by perforation. 
10 [001 7] FIG. 3 depicts a process for preparing a foam of the present invention wherein elongated closed-cells within 
a foam are being opened by perforation at an oblique angle. 

[001 8] FIG. 4 depicts a process for preparing a foam of the present invention wherein closed-cells within a foam are 
opened by compression followed by perforation. i 
[0019] FIG. 5 depicts a sound absorption curve of a foam of the present invention. 

15 [0020] FIG. 6 depicts a sound absorption curve of a foam of the present invention. 
[0021] FIG. 7 depicts a sound absorption curve of a foam of the present invention. 
[0022] FIG. 8 depicts a sound absorption curve of a foam of the present invention. 
[0023] FIG. 9 depicts a profile of a foam of the present invention, which profile is designated t. 
[0024] FIG. 10 depicts a profile of a foam of the present invention, which profile is designated U. 

20 [0025] FIG. 1 1 depicts a profile of a foam of the present invention, which profile is designated W. 

[0026] The present invention provides thermoplastic polymer foams having sound deadening properties satisfactory 
for demanding applications, which have mechanical strength, are economical to manufacture, and which are hydro- 
lytically stable. The foams of the present invention exhibit properties or combinations of properties which have here- 
tofore been difficult, if not impossible, to achieve. Thus, the foams of the present invention exhibit one or more of the 

25 following properties: 1 ) average cell size greater than about 2 mm; 2) substantially open-cell structure and 3) relatively 
large pore connecting the cells. 

[0027] In order that the foam be acoustically active, the foam should possess a substantially open-cell structure and 
a relatively low airflow resistivity. According to the present invention, foams with substantially open-cell structure and 
relatively low airflow resistivity are prepared by mechanically opening a foam having an average cell size greater than 

30 about 2 mm. In most cases, such mechanical opening creates relatively large pores connecting the cells. 

[0028] Thermoplastic resins suitable for use In the present invention include all types of thermoplastic polymers and 
blends that are foamable by extrusion processes. Examples of thermoplastic polymer resins suitable for the present 
invention include, but are not limited to, polystyrenes and polyolefin resins, including polyethylene resins, polypropylene 
resins, as well as blends of ethylene-styrene interpolymer (ESI) resins with polyolefin resins, such as blends of poly- 

35 ethylene and ESI or polypropylene and ESI, with polyethylene resins, copolymers of polyethylene resins, and blends 
of polyethylene resins being preferred. Examples of such resins are low density polyethylene resins, such as those 
having a melt index of about 0.4 dg/minute and a density of 0.922 g/cm 3 . One particularly suitable blend is a blend of 
a low density polyethylene and an ethylene-styrene interpolymer, especially when the blend contains at least 50 percent 
by weight of low density polyethylene. The ethylene-styrene interpolymer desirably has a styrene content of at least 

40 60 percent by weight. 

[0029] The afore-mentioned ethylene-styrene interpolymer is a substantially random interpolymer comprising in po- 
lymerized form i) one or more cc-olefin monomers and ii) one or more vinyl or vinylidene aromatic monomers and/or 
one or more stericalry hindered aliphatic or cycloaliphatic vinyl or vinylidene monomers, and optionally iii) other polym- 
erizable ethylenically unsaturated monomer(s). 
45 [0030] The term "interpolymer is used herein to Indicate a polymer wherein at least two different monomers are 
polymerized to make the interpolymer. 

[0031] The term "substantially random" is the substantially random interpolymer resulting from polymerizing i) one 
or more ot-olefin monomers and ii) one or more vinyl or vinylidene aromatic monomers and/or one or more sterically 
hindered aliphatic or cycloaliphatic vinyl or vinylidene monomers, and optionally iii) other polymerizable ethylenically 

so unsaturated monomer(s) as used herein generally means that the distribution of the monomers of said interpolymer 
can be described by the Bernoulli statistical model or by a first or second order Markovian statistical model, as described 
by J. C. Randall in POLYMER SEQUENCE DETERMINATION, Carbon-13 NMR Method, Academic Press New York, 
1977, pp. 71-78. Preferably, the substantially random interpolymer resulting from polymerizing one or more a-olefin 
monomers and one or more vinyl or vinylidene aromatic monomers, and optionally other polymerizable ethylenically 

55 unsaturated monomer(s), does not contain more than 15 percent of the total amount of vinyl or vinylidene aromatic 
monomer in blocks of vinyl or vinylidene aromatic monomer of more than 3 units. More preferably, the interpolymer is 
not characterized by a high degree of either isotacticity or syndiotacticity. This means that in the carbon : 13 NMR 
spectrum of the substantially random interpolymer the peak areas corresponding to thp main chain methylene and 
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and n has a value from zero to 4, preferably from zero tn o m ««t « JL w 9 I c i+' a{ W, and C^-haloalkyl; 
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4 



EP 1 115 777 B1 

(HCFC-141b), 1-chloro-1,1-dif|uoroethane (HCFC-142b), 1 ,1-dichloro-2,2,2-trifluoroethane (HCFC-123), and 1-chlo- 
ro-1 ,2,2,2-tetrafluoroethane (HCFC-124). Fully halogenated chtorofluorocarbons may also be used but are not pre- 
ferred for environmental reasons. Chemical blowing agents for use in this invention include azodicarbonamide, azo- 
diisobutyronitrile, benzenesulfonylhydrazide, 4,4-oxybenzene sulfonyl-semicarbazide, p-toluene sulfonyl semicar- 

5 bazide, N,N=-dimethyl-N,N=-dinitrosoterephthalamide, and trihydrazine triazine, sodium bicarbonate, mixtures of so- 
dium bicarbonate and citric acid. Mixtures of all these blowing agents are also contemplated within the scope of this 
invention. Preferred blowing agents for the extrusion process and batch process for making moldable beads are phys- 
ical blowing agents, with volatile organic blowing agents being preferred, with low hydrocarbons (for example, propane 
and butane) being most preferred. Preferred blowing agents for cross-linked foam processes are decomposable blow- 

10 ing agents and nitrogen. 

[0039] The amount of blowing agent incorporated into the polymer melt material to make a foam-forming gel is varied 
as required to achieve a predetermined density. 

[0040] The foams of the present invention optionally further comprise an infrared absorber (transmission blocker) 
such as carbon black, graphite, or titanium dioxide, to enhance thermal insulating capability. When utilized, the infrared 
15 absorber may comprise between 1 .0 and 25 weight percent and preferably between 2.0 and 1 0.0 weight percent, based 
upon the weight of the polymer blend in the foam. The carbon black may be of any type known in the art such as 
furnace black, thermal black, acetylene black, and channel black. 

[0041] It is preferred that the foams of the present invention exhibit dimensional stability. A stability control agent 
may be especially desirable in producing thick (that is, greater than 4 mm) sheet and plank products (thicker than about 

20 1 2 mm) of substantially closed-cell structure from the foregoing foams. In contrast, an additional stability control agent 
is probably not necessary or desirable when forming substantially open-celled foams. j 
[0042] Dimensional stability is measured by taking the foam volume during aging as a percentage of the initial volume 
of the foam, measured within 30 seconds after foam expansion. Using this definition, a foam which recovers 80 percent 
or more of the initial volume within a month is tolerable, whereas a foam which recovers 85 percent or more is preferred, 

25 and a foam which recovers 90 percent or more is especially preferred. Volume is measured by a suitable method such 
as cubic displacement of water 

[0043] Preferred stability control agents include amides and esters of C 10 _ 24 fatty acids. Such agents are taught in 
U.S. Patent Nos. 3,644,230 and 4,214,054. Most preferred agents include stearyl stearamide, glycerol monostearate, 
glycerol monobenenate, and sorbitol monostearate. Typically, such stability control agents are employed in an amount 
30 ranging from 0.1 to 10 parts per hundred parts of the polymer. 

[0044] Various additives may also be incorporated in the foams such as inorganic fillers, pigments, antioxidants, acid 
scavengers, ultraviolet absorbers, flame retardants, processing aids, or extrusion aids. 

[0045] The polymer foams of the present invention may be prepared by techniques and procedures well known to 
one of ordinary skill in the art and include extrusion processes as well as batch processes using a decomposable 

35 blowing agent and cross-linking, with extrusion processes being preferred. 

[0046] In an extrusion process, the cell-size is affected by several parameters that include the type and level of 
blowing agent, the polymer type, the geometry of the die orifice, the shear rate at the die, the level of nucleating agent, 
the use of a cell enlarging agent, and the foaming temperature. In order to make the cell size large, the ceil nucleating 
agent is normally not added. Instead, a cell enlarging agent may be added. Among the rest of the parameters, the type 

40 and level of blowing agent have the greatest effect on the cell size. Ordinarily, blowing agents having a relatively high 
solubility and a small molecular size at a relatively low level provide a large cell size. Examples of such blowing agents 
include propane, n-butane, isobutane, n-pentane, methyl chloride, methylene chloride, ethyl chloride, methanol, eth- 
anol, dimethyl ether, water, and a mixed blowing agent containing one or more of these blowing agents. Branched 
ethylenic polymer resins prepared by the high-pressure free-radical method tend to provide large cells when expanded 

^5 with these blowing agents. The cell size enlarging additives are, in general, those compounds that are used in plasti- 
cizing polymer resins. Examples of cell size enlargers include waxy materials having a relatively low melting point as 
are described in U.S. Patent 4, 229, 396, and non-waxy low molecular weight compounds as are disclosed in U.S. 
Patent 5,489,407. In addition, a relatively low shear rate at the die orifice results in a large cell size. 
[0047] The polymer foams of the present invention may be cross-linked or non-cross-linked. Processes for making 

50 polymer foam structures and processing them are taught in CP. Park, Potyolefin Foam, Chapter 9, Handbook of Polymer 
Foams and Technology, edited by D\ Klempner and K.C. Frisch, Hanser Publishers, Munich, Vienna, New York Bar- 
celona (1991). 

[0048] Non-crosslinked foams of the present invention may be made by a conventional extrusion foaming process. 
The foam structure is generally prepared by heating a thermoplastic polymer resin (that is, polymer material) to form 
55 a plasticized or melt polymer material, incorporating therein a blowing agent to form a foamable gel, and extruding the 
gel through a die to form the foam product. Prior to mixing with the blowing agent, the polymer material is heated to a 
temperature at or above its glass transition temperature or melting point. The blowing agent may be incorporated or 
mixed into the mell polymer material by any means known in the art such as with an extruder, mixer, blender, or the 
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like. The blowing agent is mixed with the melt polymer material at an elevated pressure sufficient to prevent substantial 
expansion of the mefl polymer material and to disperse the blowing agent homogeneously therein. Optionally a nu- 
deator may be blended in the polymer mefl or dry blended with the polymer material prior to plasticizing or melting 
The foamable gel is typically cooled to a lower temperature to optimize physical characteristics of the fdam structure 
The gel is then extruded or conveyed through a die of desired shape to a zone of reduced or lower pressure to form 
the foam structure. The zone of lower pressure is at a pressure lower than that in which the foamable gelfe maintained 
pnor to extrus.on through the die. The lower pressure may be superatmospheric or subatmospheric (vacuum) but is 
preferably at an atmospheric level. 

[0049] Non<rosslinked foams of the present invention may be formed in a coalesced strand form by extrusion of 
the themioplastic pofymer resin (that is, polymer material) through a multi-orifice die. The orifices are arranged so that 
contact between adjacent streams of the moften extrudate occuis during the foaming process and the contacting sur- 
aces adhere to one another with sufficient adhesion to resuft in a unitary foam structure. The streams of molten ex- 
rudate exrting the die take the form of strands or profiles, which desirably foam, coalesce, and adhere to one another 
to form a unitary structure. Desirably, the coalesced individual strands or profiles should remain adhered in a unitary 
structure to prevent strand delamination under stresses encountered in preparing, shaping, and using the foam. Ap- 
and4 324 ^ producing foam structures in coalesced strand form are taught in U.S. Patents. 3,573,152 

[0050] The present foam structure may also be formed into non^rosslinked foam beads suitable for molding into 
articles The foam beads may be prepared by an extrusion process or a batch process. In the extrusion process the 
oam strands coming out of a multi-hole die attached to a conventional foam extrusion apparatus are granulated to 
orm foam beads. In a batch process, discrete resin particles such as granulated resin pellets are: suspended in a 
.quid medium in which they are substantially insoluble such as water; impregnated with a blowing agent by introducing 
the blowing agent into the liquid medium at an elevated pressure and temperature in an autoclave or other pressure 
vessel; and rapidly discharged into the atmosphere or a region of reduced pressure to expand to form the foam beads 
This process is taught in U.S. Patents. 4,379,859 and 4,464,404. 

[0051] Cross-linked foams of the present invention may be prepared by either the cross-linked foam process em- 
ploying a decomposable blowing agent or by conventional extrusion processes. 

[0052] When utilizing the cross-linked foam process employing a decomposable blowing agent, cross-linked foams 
of the present invention may be prepared by blending and heating the thermoplastic polymer resin (that is, pofymer • 
matenal) with a decomposable chemical blowing agent to form a foamable plasticized or meft polymer material ex- 
truding the foamable melt polymer material through a die, inducing cross-linking in the melt polymer material and 
exposing the meft polymer material to an elevated temperature to release the blowing agent to form the foam structure 
The po^mer matenal and the chemical blowing agent may be mixed and the melt blended by any means known in the 
art such as with an extruder, mixer, blender, orthe like. The chemical blowing agent is preferably dry-blended with the 
polymer matenal pnor to heating the polymer material to a melt form, but may also be added when the polymer material 
is in meft phase. Cross-linking may be induced by addition of a cross-linking agent or by radiation. Induction of cross- 
ing and exposure to an elevated temperature to effect foaming or expansion may occur simultaneously or sequen- 
tially. If a cross-linking agent is used, it is incorporated into the polymer material in the same manner as the chemical 
blowmg agent Further, if a cross-linking agent is used, the foamable melt polymer material is heated or exposed to a 
temperature of preferably less than 150°C to prevent decomposition of the cross-linking agent or the blowing agent 
and to prevent premature cross-linking. If radiation cross-linking is used, the foamable meft polymer material is heated 
or exposedtoatemperature of preferably less than 160-C to prevent decomposition of the blowing agent. Thefoamable 
meft polymer is extruded or conveyed through a die of desired shape to form a foamable structure. The foamable 
structure is then cross-linked and expanded at an elevated or high temperature (typically, 150°C to 250°C) such as in 
an oven to form a foam structure. When radiation cross-linking is used, the foamable structure is irradiated to cross- 
link the polymer material, which is then expanded at the elevated temperature as described above. The structure can 
TmSou madS in ° rthin P ' ankf0rTn accordi "9 t0 «» a°°ve process using either cross-linking agents 

[0053] In addition to use of a cross-linking agent or radiation in the cross-linked foam process employing a decom- 
posabte blowmg agent, cross-linking may also be accomplished by means of silane cross-linking as described in C P 
Park, Supra, Chapter 9. 

[0054] Cross-linked foams of the present invention may also be made into a continuous plank structure by an extru- 
sion process utilizing a long-land die as described in GB 2.145.961A. In that process, the polymer, decomposable 
blowing agent, and cross-linking agent are mixed in an extruder; the mixture is heated to permit the pofymerto cross- 
's ! 1 89ent t0 decom P° se in a lon 9- ,and di *; and foam structure is shaped and conducted away from 
he die, with the foam structure and the die contact being lubricated by a proper lubrication material. 
[0055] Cross-linked foams of the present invention may also be formed into cross-linked foam beads suitable for 
moldmg mto articles. To make the foam beads, discrete resin particles such as granulated resin pellets are- suspended 



6 



V 

' 1 



EP 1 115 777 B1 

• in a liquid medium in which they are substantially insoluble such as water; impregnated with a cross : linking agent and 
a blowing agent at an elevated pressure and temperature. in an autoclave or other pressure vessel; and rapidly dis- 
charged into the atmosphere or a region of reduced pressure to expand to form the foam beads. In another version of 
the process, the polymer beads are impregnated with blowing agent, cooled down, discharged from the vessel, and 

5 then expanded by heating or with steam. In a derivative of the above process, styrene monomer may be impregnated 
into the suspended pellets along with the cross-linking agent to form a graft interpolymer with the polymer material. 
Blowing agent may be impregnated into the resin pellets while in suspension, or alternatively, in a non-hydrous state. 
The expandable beads are then expanded by heating with steam and molded by a conventional molding method for 
the expandable polystyrene foam beads. 

w [0056] The foam beads may then be molded by any means known in the art, such as charging the foam beads to 
the mold, compressing the mold to compress the beads, and heating the beads such as with steam to effect coalescing 
and welding of the beads to form the article. Optionally, the beads may be pre-heated with air or other blowing agent 
prior to charging to the mold. Excellent teachings of the above processes and molding methods are found in CP. Park, 
Supra, pp. 227-233, U.S. Patents 3,886,100; 3,959,189; 4,168,353, and 4,429,059. The foam beads can also be pre- 

15 pared by preparing a mixture of polymer, cross-linking agent, and decomposable mixtures In a suitable mixing device 
or extruder and forming the mixture into pellets, and heating the pellets to cross-link and expand. 
[0057] Another process for making cross-linked foam beads suitable for molding into articles to melt the polymer 
material and mix it with a physical blowing agent in a conventional foam extrusion apparatus to form an essentially 
continuous foam strand. The foam strand is granulated or pelletized to form foam beads. The foam beads are then 

20 cross-linked by radiation. The cross-linked foam beads may then be coalesced and molded to form various articles as 
described above for the other foam bead process. Additional teachings of this process are found in U.S. Patent 
3,616,365 and CP. Park, Supra, pp. 224-228. 

[0058] In addition, silane cross-linking technology may be employed in the extrusion process. Teachings of this proc- 
ess are found in CP. Park, Supra, Chapter 9 and in U.S. Patent 4,714,716. When silane cross-linking processes are 
25 utilized with conventional extrusion processes, a polymer is grafted with a vinyl functional silane or an azido functional 
silane and extruded to form foams. The extruded foams are then exposed to warm humid air for the cross-linking to 
develop. 

[0059] The cross-linked foams of the present invention may be made in bun stock form by mixing the polymer material, 
a cross-linking agent, and a blowing agent to form a stab, heating the mixture in a mold so the cross-linking agent can 

30 cross-link the polymer material and the blowing agent can decompose, and expanding the foam by release of pressure 
in the mold. Optionally, the bun stock formed upon release of pressure may be reheated to effect further expansion. 
[0060] Cross-linked polymer sheet is made by irradiating a polymer sheet with a high energy beam or by heating a 
polymer sheet containing a chemical cross-linking agent. The cross-finked polymer sheet is cut into the desired shapes 
and impregnated with nitrogen under high pressure and at a temperature above the softening point of the polymer. 

35 [0061 ] Releasing the pressure effects nucleation of bubbles and some expansion in the sheet. The sheet is reheated 
in a low pressure vessel under pressure above the softening point, and the pressure is released so that the foam can 
expand. 

[0062] Foams prepared by the above-methods exhibit densities of from 1 0 kg/m 3 to 300 kg/m3, with foams having 
densities of from 15 kg/m 3 to 100 kg/m 3 being preferred, and foams having densities of from 15 kg/m 3 to 60 kg/m 3 
40 being particularly preferred. In addition, foams prepared by the above-methods exhibit an average cell size of from 2 
mm to 15 mm, with cell sizes of from 2 mm to 10 mm being preferred, from 3 mm to 10 mm being more preferred, 
especially greater than 3 mm, and from 4 mm to 8 mm being particularly preferred. In addition, the foams prepared by 
the above-methods may be open or dosed celled, preferably substantially open or substantially closed celled. 
[0063] Foams prepared according to the above-methods may be useful in sound management without additional 
process steps. For example, foams prepared by the above-methods having an average cell size greater than about 
3mm, especially greater than about 4 mm may exhibit a sufficiently low airflow resistivity to be suitable for use as a 
sound absorption material irrespective of other properties which the foam may possess and without the need for ad- 
ditional process steps. Typically, for sound management end-uses, airflow resistivities of less than about 800,000 Rayls/ 
m (that is, 800,000 Pa-s/m 2 ) is desirable, with less than 400,000 Rayls /m (that is, 400,000 Pa-s/m 2 ), less than 100,000 
Rayls/m (that is, 100,000 Pa-s/m 2 ), and less than 50,000 Rayls/m (that is. 50,000 Pa-s/m 2 ) being increasingly more 
desirable depending upon the end-use of the foam. 

[0064] However, in the event that the base foams prepared by the above methods do not exhibit sufficient sound 
management properties, the addition or enhancement of properties such as 1 ) substantially open-cell structure and 2) 
relatively large pores connecting the cells, may be imparted to the base foam by opening closed-cells within the base 
55 foam by mechanical means. 

[0065] As stated previously, in order that the foam be acoustically active, the foam should possess a substantially 
open-cell structure and a relatively low airflow resistivity. According to the present invention, foams with substantially 
open-cell structure and relatively low airflow resistivity are prepared by mechanically opening a foam having an average 
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cell sfee greater than about 2 mm. In most cases, such mechanical opening creates relatively large pores connecting 

TcZZ £LZ£? ^ wi,hin the ,oam may be opened by a means ** °p-'"9 cSSS 

foam k 0lymer i oam ,0 at ,east 80rne P° rti o" «* at least one surface of base thermoplastic polymer 
foam, such apphcahon being sufficient to result in at least some portion of, closed-cells within the base polymer toam 
tang opened. The portion of closed-cells opened by the mechanical means will of course depend upon i tiTe xt e n of 

TnZ „T Z °,? 1* 6 T 3nS ,0r ° pening Wi " be app,ied 10 on, y a P° rtion of »• of the base foam 
anchor extend only partially through the thickness of the base foam. However, if a larger percentage of c.osedS£ 
are to be opened, the application of the means for opening will be applied to more of the surface of the base foamTno! 
or extend farther into the thickness of the base foam. 

[0066] The direction of the application of the means for opening closed-cells is immaterial and may be performed 

oisrrfoam oor "^ 

ESL J he , meanS f0r ° pening **«*« B » beany means sufflcienttoopenolosed^ells, but willtypically include 
wttl one ^ ' C °: PreS f '° n ' "^'nations thereof. Typical* perforation comprises puncturing the bie feam 
Llion ° r i more .P° ln,ed - 8har P Suitable pointed, sharp objects include needles spikes, pins, or naiteT 

den r fl P I °? may » C °K mPnS , e dri " in9 ' ,3Ser pUttin9 ' hi9h preSSUre fluid cutt ' n 9, 9M». « projectiles FIG 1 
depicts a cross-section of a base foam 1 of the present invention comprised of a multiplicity of closediells 2 foam 1 
being perforated with a multiplicity of pointed, sharp objects 3. cioseo^eiis 2, foam 1 

S?„ M i IT iti0n ' ,h , e baSe f0am may be Prepared t0 nave el0 "9ated cells by pulling the foam strand during expan- 
ds s iotT~ te ^ 

Thu puling resufts.nan increased average cell size in the direction perpendicularto the vertical direction (EH averjqe) 
and facilitates perforation. FIG. 2 depicts a cross-section of a base foam 1 of the present invention comXd ofa 
muttiplicity o closed-cells which have been elongated in the direction of extrusion 4 which ha« Cl^SlS 
wrth a muftip licity of pointed, sharp objects 3. FIG. 3 depicts a cross section of a base foam 1 ofZSSS 

been perforated with a multiplicity of pointed, sharp objects 3 at an oblique angle 

[0069] Perforation of the base foam may be performed in any pattern, including square patterns and trianqular oat- 
terns. In addition, it ,s preferred that the distance between perforations be on the order of the cell size wZ the oam 
"^rtoperfojatethemajorityofcel.s.Therefore.^ 

that the perforation ,s performed in a manner which results in the perforations being spaced one from anothe 7at £ 
" \V1* 9reater tha 1 timeS 8Vera9e diam6ter 0f the celte ■»*» "- ^se cam, preferably no 
o eSlt llfJr* m ° re Pr !,' erably eqUa ' 10 the aVSrage diameter 0f cells withi " ,h ^ase foam, and IZ 
preferably, less thar itheaverage diameter of thecells within the basefoam. Although the choice of a particular diamete 

ce si^ 

cell size intended spacing of perforations, pointed, sharp objects useful in the preparation of certain foams of the 
present invention will typically have diameters of from 1 mm to 4 mm 

[0070] Slicing may be performed by any means sufficient to slice through at least a portion of foam and includes 
knives, and saws. Opening celte of the base foam by slicing necessarily only opens those eel is aUhe cut surface 

3h^ 

applicat ions especially if the cell size is suftoentty large and/or the remaining uncut foam is sufficiently thin Arthouqh 
not wish.ngtobeboundby anyparticulartheory.it is be.ievedbythe inventor of the present application L for effSe 
be^u/e I?* 0 "' ' S feqUired ^ ,hefe be ' 0W airfl0W res * tM * throughout the thickness of the tZ 7SZ 

dlsa T press, T aveo,ai ^ 

2 and JI „ tI 68 r? ? and f ° rth 8t 8 nXed 8Verage l0Cati0n ' hittin 9 molecules in l "e adjacem layer o 
the* 2 no 2 H rf ? a, 7 0,ecules ^selves do not move a great distance to the end of the foam thickness. %» 
1th tZS. h T 9 8 ° Und transmission ,hrou 9" 8 foam substrate. However, sound is dissipated by the heai 

ZTn ™ t ^ P T 6 f th :° U9h 8 S ° ft fi ' m bl0Cking ftS passage 8ince the i^ingement of the molecuL on a 
TZflT ^TT" l ° th6ir m ° Vemenl CaUS6S the ,ifrn 10 vibrate ™ hic " ^rn makes the air on 

t^ TZnn r J 1 ""' ^ ' ayerS °' " eXible ,hin films ' such 38 th * changed interior core of a foam of 
of the fo2 S ^ Ce " S h3Ve ^ SNCed ' d ° " 0t eXCeSS ^ hurt ,he 80Und absorption capability 

[0071] Compression as a means of opening cells may be performed by any means sufficient to exert external force 
duri oo°r r a r e TT ° f t0am ' and ,hUS C3USe ,he Ce " S Wi,hin the base foam to burst and open clpresZ 

sinZhifh p erfora ^r especiallye ^ 

smce a high pressure difference across the cell walte can be created. In addition, unlike needle punching, compression 
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can result in rupturing cell walls facing in all direction, thereby creating tortuous paths desired for sound absorption. 
[0072] The mechanical opening of closed-cells of the base foam lowers the airflow resistivity of the base foam by 
creating large-size pores in the cell walls and struts. In any event, regardless of the particular means by which it does 
so, such mechanical opening of closed-cells within the base thermoplastic'polymer f oam serves to enhance the sound 

s absorption, sound insulation, fluid absorption, and filtering properties of the foam. 

[0073] Of course, the percentage of cells opened mechanically will depend on a number of factors, including cell 
size, cell shape, means for opening (that is, perforation, slicing, compression), and the extent of the application of the 
means for opening applied to the base foam. For maximum reduction in airflow resistivity, it is preferred that greater 
than 50 percent of the closed-cells within the base foam be opened by the mechanical means described above, with 

io greater than 70 percent being more preferred, and greater than 90 percent being most preferred. In order to maximize 
the percentage of cells opened mechanically, it is preferred that a combination of compression and perforation be used 
to open the cells. FIG. 4 depicts a cross-section of a base foam 1 of the present invention comprised of a multiplicity 
of closed-cells which have been elongated in the direction of extrusion 4 which have been first compressed, and then 
while the foam is compressed, perforated with a multiplicity of pointed, sharp objects 3. 

15 [0074] In addition to the option of including a fire retardant in the polymer material prior to extrusion as discussed 
previously, the foams of the present invention may also be impregnated with a fire retardant after they have been 
extruded, and preferably after they have been subjected to any additional process steps, such as elongation by puHing 
and mechanical opening of closed-cells. 

[0075] When used in sound insulation, the foams of the present invention may be used as the core layer in a mufti- 
20 layered, sound insulating panel comprised of a facing layer, the foam core layer attached thereto, and a structure to 
which the core layer is fixed at separated contact points by means of stripes, patches, dabs, or other geometrical 
protrusions (generally called contact points hereafter), leaving gaps between the core layer and the structure, and in 
the case of long spans and/or thin facing layers, travel stops to keep the core layer at a certain distance from the 
structure. The structure, to which the core layer is fixed at separated contact points, can be a wall or a ceiling or any 
25 other suitable constructional element. Alternatively, the structure can be a second facing layer. The resulting sandwich 
panel can be used as a partition element or partition wall. The panels are useful in construction and other industries 
for improving sound insulation properties of buildings and/or machinery. Examples of such panels are described in WO 
95/14136, published May 26, 1995. 

[0076] When used as a core layer in a multitayered panel, the foams of the present invention may be formed into a 

30 profile in any number of ways. For example, the foams of the present invention may be profiled into a straight config- 
uration. FIG. 9 depicts a foam of the present invention profiled such that it is comprised of a foam core 5 which is in 
the form of a straight configuration, designated 1. However, the foams of the present invention may also be profiled 
such that they exhibit a low dynamic stiffness. For example, the foams of the present invention may be profiled such 
that they are comprised of a foam core 5 to which narrow strips of the same or another foam 6 have been attached on 

35 the same side at both ends of the foam core 5. The profile of FIG. 10 is designated U. In addition, the foams of the 
present invention may be profiled such that they are comprised of a foam core 5 to which narrow strips of the same or 
another foam 6 are attached alternately on opposite sides of the foam core 5 and narrow strips of the same or another 
foam 6 have been attached on both sides and opposite one another at both ends of the foam core 5. The profile of 
FIG. 1 1 is designated W. When the foam of the present invention is so profiled and placed between facer panels, these 

to designs transform the compressive strain to the facer panel to a flexural strain to the foam core. Given a sufficient 
distance between the supporting strips, the structure provides the desired very low dynamic stiffness. In the case of 
profile W, the distances between the middle points of narrow strips 6 on the same side of the foam core 5 are at least 
250 mm, and preferably, between 300 mm and 600 mm. In the case of profile U, distances between the middle points 
of the strips are at least 350 mm, and preferably, between 450 mm to 600 mm. 

*5 [0077] The following examples of foams of the present invention are not to be construed as limiting. Unless otherwise 
indicated, all percentages, parts, and proportions are by weight. 

Example 1 

so [0078] This Example illustrates foams to be used in this invention and a method of preparing the foams by an extrusion 
process. The foams as listed in Table I were prepared using a commercial foam extrusion apparatus. The apparatus 
was a screw-type extruder having two additional zones for mixing and cooling at the end of the usual sequential zones 
for feeding, melting, and metering. An opening for blowing agent injection was provided on the extruder barrel between 
the metering and mixing zone. At the end of the cooling zone ! there was attached a die orifice having an opening of 

55 generally rectangular shape. 

[0079] A low density polyethylene having a melt index of about 0.4 dg/minute (according to ASTM D-1238, 190°C/ 
2.16 kg) and a density of 0.922 g/cm 3 was fed into the extruder together with a small amount of glycerol monostearate 
al a uniform rale. No nucleating agent was added in order to keep the cell si7e large. The temperatures maintained al 
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. |he extnider zones were 1 60-C at the feeding zone, 200'C at the melting zone. 21 O-C at the metering zone and 1 90-C 
a the ^K.ngzone.lsobutane was injected into the mixing zone at a uniform «.of11.BprtpiZ^'S Sw 
of pofyrner. The temperatures of the cooling zone and the die b.ock.were graduaiiy towered t produce " iSSS 

ZS^zs^isizr it*]* ,oam ' which was *** 1 05 mm in ,hickness and ^ 600 «-» 

ITcTj^Pwf i , , } P t0 r6dUCe ,tS thickness 10 proximately 80 mm, and the pulled foam was 

. also saved (PEF2). By pulhng, rt was intended to enlarge the cells in the direction perpendicular to the vertical d Z 

A^arae W c , ll| n Jf 5 t'h ^^1"°' ° n ' y e '° n9ated cells in ,he extr "sion direction but ateo hcieasedn^a^S ceuS' 
A large cell size ,n the direction perpendicular to the vertical direction (EH average) facilitates hole punchfng 



Foam Desig. 


Foam Density 
(kg/m3) 




Cell Size Extr. 
(mm) 2 


Cell Size Vert. 
(mm) 1 


Cell Size EH Av. 
(mm) 4 


Cell Size, 3D Av. 
(mm) 5 , 


PEF1 


23 


6.2 


5.9 


5.5 


5.7 


5.9 


PEF2 


23 


5.8 


6.3 


6.5 


6.4 


6.2 


PEF3 


32 


4.9 


4.0 


4.3 


4.2 


4.4 


PEF4 


23 


2.9 


2.1 


2.3 


2.2 


2.4 


PEF5* 
* not an ExamDle f 


40 


1.9 


1.7 


1.5 


1.6 


1.7 



1 CeO size in vertical direction as determined per ASTM D-3756. 

3 CeD «*» in extrusion direction as determined per ASTM D-3756. 
CeO size in horizontal direction as determined per ASTM D-3756. 

4 Average cell size In extrusion and horizontal direction. 

5 Average ceD size in all three directions. 

Sf^Fll^FP 57 l lT "f' Tab ' e 1 W6re Prepared by essentia "y the Procedure aa de- 
scribed for PEF1 and PEF2. The isobutane level was varied for each foam produced to achieve the desired densitv 
and asmal, amount of a nucleating agen, was added for eel, size control. AlUhe foams had a ^SSSSt 



Test 1 



Hole Punching Tests 

[0081] The foams were sliced into slabs of about 55 mm in thickness, and holes were punched through the foam 

nS 1 h f 3 mm - s P aced h0,es were P"«*ed with a punching plate having a muftiplto^ of 7mm 
Trl rth^ " 1 Pattem - ° f h0 ' e pUnchi "9 ^ * conveniently expressed by t e h^to 

JZe iCf 'i T!i J?s r; n uara r ,ime,er) - punchin9 in a 1 °- s - *• and 3 ™ i-i «— « 

noie density of 1 , 4, 6.25 and 1 1 .1 holes/cm* respectively. From each foam sample, a cylindrical specimen of 29 mm 

tZ^£?p£X£c"T T -* 55 ^ ^ ° Pen<e " s P rje P n wT^SS 

pattem ° Pen " Ce " ^ ^ summari2ed in Tab| o « breach foam specimen andpunching 



Table II 



v „. v^iis as a percentage of Die loam volume (per 

Open-cell eonlenl of foam body hole-punched in 10 mm spacing in percent. 
Open-cell content of foam body hole-punched in 5 mm spacing in percent. 
Open-cell content of foam body hole-punched in 4 mm spacing in percent. 
Open-cell content of foam body hole-punched in 3 mm spacing in percent. 



Foam Type 


No. Holes 1 


Surface 
Open-Cell 2 


10 mm 
Spacing 3 


5 mm 
Spacing 4 


4 mm 
Spacing 5 


3 mm 
Spacing 6 


PEF1 

1 r> n . 


63 


55 


84 


90 


94 


95 


wpw„ ^ w „u,i« ui ai-exuuueu loams in percent ND = not determined. 1 
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Table li (continued) 



Foam Type 


No. Holes 1 


Surface 
Open-Cell 2 


10 mm 
Spacing 3 


5 mm 
Spacing 4 


4 mm 
Spacing 5 


3 mm 
Spacing 6 


PEF2 


77 


59 


81 


94 


95 


95 


PEF3 


ND 


41 


53 


82 


87 


95 


PEF4 


ND 


23 


61 


71 


78 


92 


PEF5* 


ND 


M8 


*30 


M7 


*56 


*72 



10 



15 



* not an Example foam of this invention. 

1 Open-cell content of as-extruded foams in percent. ND = not determined. 

2 The volume of the cut surface cells as a percentage of the foam volume (per ASTM D-2856). 

3 Open-cell content of foam body hole-punched In 10 mm spacing in percent. 

4 Open-cell content of foam body hole-punched In 5 mm spacing in percent 

5 Open-cell content of foam body hole-punched In 4 mm spacing in percent. 

6 Open-cell content of foam body hole-punched In 3 mm spacing in percent. 



20 



25 



30 



35 



40 



[0082] The data clearly indicated that the larger the cells, the easier it was to develop open-cells by hole punching. 
In order to punch a majority of the cells, the hole spacing needed to be equivalent to or smaller than the cell size. Since 
punching holes to the greater density was the more costly, a foam having the larger cell size was preferred. Punching 
one hole per square centimeter is commercially practiced on certain foams having cell size less than 2 mm. Four holes 
per square centimeter can be readily applicable. Punching greater than 4 holes per square centimeter may not be 
impossible, but is difficult in practice. In addition, the specimen of a macrocellular foam (for example, PEF1 and PEF2), 
without hole punching, already had a high level of open-cells developed. Much of the high open-cell content comes 
from the cut surface cells of the specimen. For example, the surface cut cells of PEF2 amounted to about 59 percent 
out of the total 77 percent open-cell content of the foam. 

Test 2 

Compression Test 

[0083] Foam PEF1 from Example 1 was first punched with a 2 mm-diameter needle in a 5 mm by 5 mm square 
pattern. The punched foam had an open-cell content of approximately 93.5 percent (as determined by ASTM D-2856 
Procedure C). A foam specimen of 11 cm by 11 cm cross-section and 7 cm in thickness was cut from the foam plank 
and compressed in the thickness direction using a press until the thickness became 5 mm. During the. compress ion, 
a popping sound indicating cell breakage was heard. The open-cell content of the foam increased to 96.7 percent, 
which is close to the maximum possible open-cell content of the foam (that is, about 97 percent). Evidently, most of 
the remaining closed-cells were burst open by compression. 

Test 3 



Airflow Test 



45 



50 



55 



[0084] This test showed that larger flow channels were more readily created by punching holes in a larger-celled 
foam than a smaller-celled foam. The apparatus used in this test was an airflow tester similar to those described in 
ASTM D-3574 and ISO 9053 (Method A). It consisted of an air piston of 10 cm inside diameter which was driven by 
the drive of an Instron tester, a sample holder made of a plastic pipe of 7 cm inside diameter and a cap, a water 
manometer and assorted connecting tubes. Air was pumped at a fixed rate through a specimen loaded in the holder 
and the pressure drop across the specimen was measured using the manometer. 

[0085] In practice, three foams of different cell sizes were selected in this test: two polyethylene foams prepared in 
Example 1, PEF4 and PEF5, and a polypropylene foam. The polypropylene foam was a coalesced strand foam pre- 
pared on a foam extrusion line having a similar configuration as one in Example 1 using a die having multiple holes. 
The polypropylene foam (PPF) had a cell size (3D average) of about 0.4 mm, a density of approximately 17 kg/m 3 
and an open-cell content of 84 percent (ASTM D-2856 Procedure A). The foams were sliced parallel to the extrusion 
direction to 35 mm-thick slabs. A 6.4 cm-diameter circular specimen was cut out of the slab and loaded in the sample 
holder. A caulking material was used to seal off the edges against the pipe surface. First, the pressure drop across the 
specimen was measured at a slow air rate (at a piston speed in the order of 1 to 1 .5 mm/minute) to ensure a proper 
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sealing at the edges and to determine the airflow resistance of the nascent foam. Then a hole was punched flirouoh 
fte oamspecrmen with a needle of predetermined diameter, and the pressure drop Si «ST£?^S2 

SSSSiSr? <T ^ UnU ' 9 h0teS Were P unched im ° «ne specimen. Se awTow pe^ e wa 
ca culated from the slope of the regression line between the airflow per unit pressure gradient (pressure d'roDrfhfckne^ 
of the specimen) and the number of holes. The airflow indited howwella' flov«,hr^ 

foam specimens punched with 2, 3 and 4 mm needles are summarized in Table III in unto <Z^!E ™ JZ 

^jsrs^£2rj" T r n r e deve,oped *• w9her - airf,ow h ° ,es *» - 

smauer needle. The effect of the needle see on the airflow was greater with a foam having the larger cell size. 

Table I 



Foam Type 


Airflow 


2 mm Needle 
(rrrVGPa.s) 1 


3 mm Needed 
(rTVVGPa-s)2 


4 mm Needle 
(nWGPas) 3 


PEF4 


0.23 


1.0 


2.7 


PEF5 


0.17 


0.72 


1.2 


*PPF 


0.17 


0.46 


0.49 



Airflow through a hole punched with a 2 mm needle through foam body. 
Airflow through a hole punched with a 3 mm needle through foam body. 
Airflow through a hole punched with a 4 mm needle through foam body. 



Test 4 



Comparison of Airflow Resistivi t y and Sound Absorption Among Foams of Varyina Cell Size 

were punched into a specimen in the thekness direction using a needle o, a d£5Z?£^£T^ 

EEST^ S o P 1* trian9U ' ar Pattem Wfth ° nS °' ,hem punched at the ^d the rest a ^^0° a 
hexagon having 9 mm sides. The hole density » calculated to be approximately 1 .06 holes/cm* NeedlesTj ! 3 and 

iZSrS" - " emPl0yed ' naSCem f ° am WKh "° h0les Was also ,ested for compaSn'. The £2k lairZ 
resistance of the spec,mens of hold-punched foams was calculated from the per-hole airflow shown I TlMem rZ 
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Table IV 



Test Type 


Foam 
Type 


Needle 
Size 
(mm) 1 


Specific 
Airflow 
Resistance 
(1000 
Rayls) 2 


Sound Absorption Coefficient 

' i 


oOO HZ° 


1 000 Hz* 


2000 Hz 5 


Maximu 


Freq. (Hz) 7 


4.1* 


PEF4 


None 


4056 


0.11 


0.11 


0.16 


NE 


NE 


4.2 


PEF4 


2 


14.4 


0.42 


0.34 


0.28 


0.50 


700 


4.3 


PEF4 


3 


3.2 


0.31 


0.53 


0.68 


0.75 


800 


4.4 


PEF4 


4 


1.2 


0.29 


0.63 


0.52 


0.83 


810 


4.5* 


PEF5 


None 


4718 


0.05 


0.06 


0.09 


NE 


NE 


4.6* 


PEF5 


2 


19.4 


0.13 


0.07 


0.14 


0.16 


350 


4.7* 


PEF5 


3 


4.6 


0.29 


0.13 


0.19 


0.30 


480 


4.8* 


PEF5 


4 


2.9 


0.32 


0.20 


0.21 


0.33 


540 


4.9* 


PPF 


None 


2926 


0.05 


0.06 


0.09 


NE 


NE 


4.10* 


PPF 


2 


20.0 


0.14 


0.09 


0.11 


0.23 


280 


4.11* 


PPF 


3 


7.2 


0.25 


0.12 


0.15 


0.31 


350 


4.12* 


PPF 


4 


6.7 


0.42 


0.21 


0.18 


0.43 


580 



10 



15 



20 



25 



30 



35 



40 



45 



50 



* Not an Example of this invention. 

1 The size of the needle used to punch holes. 

2 Specific flow resistance of the 35 mm- thick specimen measured in thousand Rayls. 

3 Sound absorption coefficient at a frequency of 500 Hz determined per ASTM E-1050. 

4 Sound absorption coefficient at a frequency of 1000 Hz determined per ASTM E-1050. 

5 Sound absorption coefficient at a frequency of 2000 Hz determined per ASTM E-1050 

6 The maximum sound absorption coefficient at a frequency below 1600 Hz; NE = not existing. 

7 The frequency where the maximum absorption occurs. 

[0087] All nascent foams have a very high specific airflow resistance and hole punching dramatically reduces the 
airflow resistance. Again, the larger the cells the foam had and the larger the needles used, the greater the reduction 
in the specific airflow resistance. The nascent foams absorb sound poorly. Clearly, the hole-punched foams absorb 
sound better than the nascent foams. In general, the smaller the specific airflow resistance, the greater the sound 
absorption coefficient the foam had. The sound absorption curves of the hole-punched foams generally look like those 
shown in FIG. 5, where foams punched with a 3 mm-diameter needle are compared. The sound absorption curve goes 
through a maximum at a frequency below 1 000 Hz, declines and then goes through several humps in the measurement 
frequency range of 6400 Hz. Since the sound absorption characteristics below 2000 Hz, and more importantly, those 
below 1000 Hz, are of primary importance, those data are represented in Table IV and FIG. 5. In FIG. 5, the large- 
celled PEF4 foam (Test No. 4.3) absorbs the sound far better than the smaller-celled PEF5 (Test No. 4.7) and PPF 
(Test No. 4.11) even though the foam specimens were punched with the same needle at the same hole density. The 
difference in the sound absorption capability does not solely come from the difference in the specific airflow resistance. 
For example, foam PEF5 punched with a 4 mm needle absorbed sound far worse than foam PEF4 punched with a 3 
mm needle even though the former had the lower specific airflow resistance than the later. It can be deduced from Test 
1 that the larger-celled foam sees the greater of its volume opened up by hole punching than the smaller-celled foam. 



Test 5 

Comparison of Open-Cell Content and Sound Absorption Among Foams of Large Cell Size 



[0088] The effect of hole spacing on the sound absorption and open-cell content was investigated in this test. The 
large-celled foams as prepared in Example 1 , nascent and hole-punched : were subjected to the sound absorption test 
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Table V 



Test No. 


Foam Type 

I 


Needle 
Spacing (mm)i 


j Open-Cell 
j Content (%)2 


Sound Absorption Coefficient 










500 Hz 3 


1000 




Maximu 


Freq. 


5.1 


PEF2 


None 


77 


0.46 


U.DD 


U.Oo 


0.95 


730 


5.2 


PEF2 


10 


81 


0 35 


n 7q 




0.98 


820 


5.3 


PEF2 


5 


84 


0.14 


0.65 


0.69 


0.87 


1280 


5.4 


PEF2 


4 


95 


0.13 


0.63 


0.61 


0.85 


1290 


5.5 


PEF2 


3 


95 


0.29 


0.72 


0.69 


0.93 


1360 


5.6 


rcro 


None 


ND 


0.31 


0.47 


0.49 


0.72 


730 


5.7 


PEF3 


10 


53 


0.41 


0.52 


0.51 


0.76 


730 


5.8 


PEF3 


5 


82 


0.17 


0.78 


0.52 


0.91 


1200 


5.9 


PEF3 


4 


87 


0.18 


0.83 


0.51 


0.93 


1140 


5.10 


PEF3 


3 


95 


0.38 


0.94 


0.99 


0.95 


960 


5.11 


PEF4 


10 


61 


0.27 


0.74 


0.44 


0.87 


850 


5.12 


PEF4 


5 


71 


0.22 


0.97 


0.54 


0.99 


1060 


5.13 


PEF4 


4 


79 


0.17 


0.84 


0.52 


0.98 


1200 


5.14 
ND = notdete 


PEF4 

rm tried. 


3 


92 


0.41 


0.91 


0.80 


0.95 


880 



None = no holes punched (nascent foam). 
The spacing between the holes In a square pattern. 

3 ° pen - Ce " COntent ***™<* Per ASTM D-2856 Procedure C; the same data as in Table I 
Sound absorption coefficient at 500 Hz determined per ASTM D-1050 
Sound absorption coefficient at 1000 Hz determined per ASTM D-1050 
Sound absorption coefficient at 2000 Hz determined per ASTM D-1050 

7 .J? 6 maxtmum absorption coefficient at a frequency be tow 1600 Hz 
The frequency where the maximum absorption occurs. 



IKITS^iEI^ S0,P,iOn - Thfe 0fferS a " eXplana,i ° n 35 10 Wh * ,he sound —"Pi, decreased 



Test 6 



Effect of Faced Film on Sound Absorption 
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acrylic acid copolymer (Trademark of The Dow Chemical Company). The film of approximately 37 micrometer in thick- 
ness was ironed on to the surface of a foam specimen whose skins were removed. The iron was lined with a Teflon™ 
tetrafluoroethylene fluorocarbon polymer (Trademark of Du Pont de Nemours Co.) sheet in order to prevent the film 
from sticking to the iron. Both foams punched in 1 0 mm and 5 mm spacing were employed for the tests of this Example. 
5 The film-faced specimens were compared with those with skins removed. In the case of the foam specimen with holes 
punched in 1 0 mm spacing, the test included a specimen having the skin left in one side. The thickness of all specimens 
was fixed at 35 mm and the sound absorption coefficients of the specimens were determined with the surface with film 
or skin faced to the sound source. The results of the sound absorption tests are set forth in Table VI and Figure VIII, 
where the results of Tests 6.4 and 6.5 are compared: 

w 

Table VI 



20 



25 



Test No. 


Needle 
Spacing 
(1) 


Specimen 
Surface 
(2) 


Sound Absorption Coefficient 


250 Hz 
(3) 


500 Hz 
(4) 


1000 Hz 
(5) 


1600 Hz 
(6) 


Maximu m 
(7) 


Freq.(H z) 
(8) ; 


6.1 


10 


skin removed 


0.09 


0.55 


0.91 


0.41 


1.00 


1030 


6.2 


10 


with skin 


0.19 


0.32 


0.86 


0.31 


0.96 


920 


6.3 


10 


with film 


0.20 


0.28 


0.84 


0.28 


0.92 


920 | 


6.4 


5 


skin removed 


0.05 


0.24 


0.59 


0.78 


0.82 


1280 


6.5 


5 


with film 


0.47 


0.44 


0.72 


0.45 


0.94 


760 


1 The spacing between holes in square pattern in mm 



[0091] As shown in the table and FIG. 8 , the film attachment dramatically improved the sound absorption perform- 
ance of the foams at low frequencies. In the case of the foam specimen hole-punched in 5 mm spacing, the film 
enhanced sound absorption at the entire frequency range below 1000 Hz. 

30 

Test 7 

Sound Insulation Performance as a Low-Stiffness Profile Insert in W-shape 

35 [0092] In this test, the sound insulation performance of hole-punched foams as an insert for a double-leaf partition 
was investigated. The sound transmission tests were done at a CEBTP laboratory. The sound transmission reduction 
facility at CEBTP had a source of 55 m3 volume and a receiving room of 51 m3. In the middle of the dividing wall of 
36 cm-thickness, there was provided an opening 0.96 m in width, 1 .96 m in thickness, and 12 cm in depth when seen 
from the source room. The hole was enlarged to 1 .08 m by 2.06 m size in the remainder of the wall thjckness, where 

40 the test panel was to be installed. A panel of 1 .05 m by 2.05 m size was installed in the opening. The sound transmission 
loss through the panel installed in the opening was measured and calculated per a method described in ISO R 71 7-1 968. 
[0093] In practice, large-celled polyethylene foams prepared in Example 1 were punched in a selected hole pattern 
with a selected needle as shown in Table VII. An acoustical polyurethane foam was also included in the test for com- 
parison. The foams were profiled into a low-stiffness configuration (W) as shown in the notes section of Table VI. A 

45 straight insert (I) was also tested for a foam for comparison. Pressed wood sheets of 1 3 mm thickness were used as 
the facers for all panels in this Example. The panels were put together using a commercial panel glue The peripheral 
gaps between the wall and the edge of the specimen were filled with a fiber glass and then sealed off with a caulking 
material. 

50 
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Table VII 



Test No 


roam J ypo 


Configuration 1 


Hole Punching 


Open-Cell 
oomeni yYoy* 


SRI (dB(A)) 








(mm) 2 


Hole Spacing 
(mm) 3 




i 


7.1 


PEF2 


W 


3 


5 


94 


42.2 


7.2 


PEF2 


W 


2 


5 


94 


42.6 


7.3 


PEF2 


W 


2 


10 


81 


40.3 


7.4 


PEF3 


W 


4 


5 


77 


4016 


7.5 . 


PEF3 


W 


3 


5 


74 


41.2 


7.6 


PEF3 


W 


2 


5 


82 


i 

40.0 


&.7 


PEF4 


W 


3 


5 


67 


40.9 


7 ft 


PEF4 


W 


2 


5 


71 


40.2 


7.9 


PEF4 


W 


4 


10 


55 


39.1 


7.10 


PEF4 


W 


3 


10 


52 


38.5 ! 


7.11 


PEF4 


W 


2 


10 


52 


37.6 


7.12* 


PEF5 


W 


4 


10 


37 


36.6 


7.13* 


PUF 


W 


None 




96 


44.9 


7.14* 
"Not an Examole o 


PEF2 


I 


2 


5 


94 


34.2 



I = a straight slab core of 54 mm in thickness (see FIG 9). 



Diameter of the needle used to punch the holes In millimeters. 
4 Spadn 9 between holes punched in a square pattern in millimeters. 



E!l J** S °r d ,ran i"; issi0n loss da,a throu 9 h the P anel * are summarized in terms of A-weighted sound reduction 
indices for a p,nk norse. The data are arranged in the genera, order of the cell size, need.e size and the hotoSS, 

SZSHZ V ^ reV ,f 8led ^ ParBme,ere impaCtin9 ,he M insulati °" Perfomtance he n ^ 
rat,on, the foam type; open^ell content; and the airflow resistance (the hole density and size of the needMFoEi 

tests 7.2 and 7 14). Among hole- punched foams with the W configuration, the open«ell content had the Greatest 

ZTo^Tr bV airfl ° W r6SiStanCe - PEF2 foam P rofiles We Punched ,o hZgreSeSS 

percent open^ells provrded a sound reduction index (SRI) between 42 to 43 dB(A). The performance white a little 
ower than hat of a poiyurethane foam, was quite satisfactory. Foam specimens made from PeS ? E F3 and pLf4 
foams,con,a,mng67to82 percent open^ell, demonstrated an SRI in the range of 40 

a^^ 

range ot 37.e i to 39.1 dB(A). Among them, a specmen hold-punched with the large needle yields the areater sound 
insulation performance. The small-celled PEF5 records an unsatisfactory 36.6 dB(A) performance 

Test 8 

Sound Insulation Performanc e as a Low-Stiffness Profile Insert in U-shape 

[0095] In this test, PEF2 foam hole-punched with a 2 mm needle at a 5 mm by 5 mm pattern was cut to a different 
ow-strffness foam profile as shown in the notes of Table VIII. and tried as an insert for a ZeS^ W 
frgurahor , (U) consisted of a 42 mm-thick straight foam slab, which had supports of 40 mm width and 7 mm 

da"" 
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Table VIM 



Test No. 


Foam Type 


Configuration 1 


Hole Punching 


Open-Cell 
Content (%) 


SRI (dB(A)) 

i 


Needle Size 
(mm)* 


Hole Spacing 
(mm) 3 


8,1 


PEF2 


U 


2 


5 


94 


43.0 



1 1 .05 m-wide Insert with the shape as shown in FIG. 10 with a foam body of 42 mm in thickness and two supports of 40 mm in width and 7 mm in 
1U thickness at the ends. 

2 Diameter of the needle used to punch the holes in millimeters. 

3 Spacing between holes punched in a square pattern in millimeters. 

* Open-cell content In percent determined per ASTM D-2856 Procedure C. with a cylindrical specimen of 45 mm In diameter and 35 mm \n length. 
5 Sound reduction Index measured at CEBTP 

15 

[0096] As shown, the hole-punched macrocellular foam when inserted in a U profile in a double-leaf panel provided 
a satisfactory sound insulation performance. 

Test 9 

20 

Water Absorption 

[0097] A 1 2 cm by 1 2 cm by 3.5 cm specimen was cut out of the hole punched polyethylene foam as used in Test 8 
and submerged in plain tap water for approximately 30 seconds. The specimen was taken out of the water and weighed 
25 after the surface water was dripped away. The specimen was found to weightl 0.5 times more than the specimen prior 
to water-soaking. The water could be easily squeezed out of the specimen. The test results indicate that such a hole- „ 
punched macrocellular foam can be used to make materials requiring water absorption as in a cleaning pad. 

Test 10 

30 

Impregnation of Fire Retardant 

[0098] Foam specimens of approximately 31 cm by 53 cm by 1 .25 cm were prepared from the hole-punched foam 
as used in Test 8. A 30 percent aqueous solution was prepared of a fire retardant material provided by Norfire AS of 

35 Norway. The proprietary fire retardant was indicated to contain 12 to 15 percent ammonium sulfate, 1 to 4 percent 
each of sodium tetraborate decahydrate, sodium chloride, and sodium phosphate. In practice, a foam specimen was 
submerged in the fire retardant solution contained in a shallow pan. The foam specimen was observed to quickly absorb 
the fire retardant solution. When taken out of the solution, the specimen retained most of the solution absorbed therein. 
In Test No. 10.3, the solution was squeezed out of the foam specimen. The solution-impregnated specimens were 

40 weighed, dried for four hours at an ambient temperature, then in an oven maintained at 60°C overnight. The weights 
of the foam specimens were monitored during drying. In Tests Nos. 10.2 and 10.3, the fire retardant crystals loosely 
hanging on the surface of the foam specimens were scraped away and the final retention of the fire retardant in the 
foam was determined. The foam specimens were subjected to a limiting oxygen index (LOI) test. As shown in Table 
IX, the foam specimens absorb large amounts of solution and water dries out of the open-celled foam with relative 

45 ease. The specimen from which the solution has been squeezed out (Test No. 10.3) is shown to lose most of the 
absorbed water during 6 hour drying (4 hours at ambient temperature and 2 hours at 60°C). The fire retardant-impreg- 
nated foams exhibit relatively high LOIs. 
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Test No. 


Squeezed ? 


Weight 
Gain 
After 
App2 


Gained Weight After Drying 


Final FR 
Cont. (g) 


LOI (%) 


Ambient 
4h(g)3 


@ 60°C 2 

Mg) 4 


@ 60°C 4 

h(g) 5 


@60°C16 

Mg) 6 


10.1 


No 


13.5 


7.7 


4.2 


3.2 


2.6 


2.6 


>31 


10.2 


No 


12.7 


6.0 


3.8 


2.9 


2.3 


1.1 


23.5 


10.3 

1 No = the so 


Yes 

tution was not saue< 


4.0 


1.8 


1.2 


1.1 


1.0 


0.7 


22.3 



— ~. «~uwn woviueu ui a gram oi roam body. 

3 Amount of solution remaining in a gram of foam body after drying for 4 hours at an ambient temperature 

Amount of solution remaining in a gram of foam body after drying for 2 hours at 60>C. 

Amount of solution remaining in a gram of foam body after drying for 4 hours at 60>C. 

Amount of solution remaining in a gram of foam body after drying for 16 hours at 60°C 
8 « °* firC retardant retained in a gram of foam body after scraping off 1 

i 

Example 2 ! 

2 aJS^^Samll "in^H- E T nP,B . " t 001 ™" 6 ^ 81 ,0am extrusi °" «"« ^ving essential* the same config- 
n^ K t I k , P ' 8 EXamp ' e ' thfee additional macrocelluar pelyolefin foams were prepared from a 
low dens.ty polyethylene resin and a blend of the resin with an ethylene-styrene interpofymer (ESI) reZ T^e nolvl 
ylene resin had a meft index of 1.8 dg/minute (at 190-C/2.16 kg) and a density ™? 0 923 Th ES^° S 
was INDEX DS 201 brand produced by The Dow Chemical Company usinglcon^^^ 
approx ( mately70/30styrene/ethylenecopolyme^^ ™ e 

ZSi Te fT ° f *• PO ' ye,hylene feSin ^ ^ ES ^'V~ m^SS^ST"" 

Ex^mS a^alfmLum Sir US 1 b '° Win9 99601 91 913 Pph f0r pre P aration of a » ° f foams. As in 
txample 1 , a small mount of gfyerol monostearate was added for the control of foam dimensional stability For r,™ 

ara ,on o the polyethylene foam (PEF6) and ESF1 PE/ES. blend foam, a small amouTof tate was adXl in a con" 

centra e form (50 percent talc in the same polyethylene) for cell size con rol. The effective Jak levefwa -f^BooTZ 

PEF6 foam and 0.034 pph for ESF1 . No nucleator was added to ESF2 PP 

i°n! 01 l ES k? T d ESF2 ,0amS W6re Prepared ,rom ,ne same 70/30 blend of Polyethylene and ESI resin A small 
coTo £2 ZZT'T™ (,r9an ° X 1010 ,r ° m ^ Gei9y C0rp ) Was inco ^ '"to a,. thfeeTols At a 
SSfauTJfoaTS! aPpr °7 ate i ly 11 °° C die tem P erature <" 111-C. all three formuiations produced ex 
Solh Z .TllTyJ^yTT T 81268 °' f ° amS WCre °° ™ h thickness and 620 mm in 

Stes anged Lm 5 6 o m7 *° '° 3 ° *»* " *" <*" ^ a ^e 



Table X 



Foam 
Designation 


Foam 
Density 
(kg/m3) 


Cell Size Vert, 
(mm) 


Cell Size Extr. 
(mm) 


Cell Size 
Horiz. 
(mm) 


Cell Size EH 
Av. 
(mm) 


Cell Size 3D 
Av. 
(mm) 


PEF6 


30 


7.4 


6.0 


6.8 


6.4 


6.7 


ESF1 


29 


s v 5.8 


6.0 


4.9 


5.5 


5.6 


ESF2 


29 


6.8 


6.8 


6.0 


6.4 


6.5 


Notes: 
(1) through (5) 


= the same as 


in Table I 
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Test 11 

Open-Cell Development by Hole Punching and Compression , 

5 [0102] The foams were skived to slabs of 35 mm thickness and punched holes in 1 0 mm and 5 mm spacing with a 
2 mm diameter needle. Specimens of cylindrical shape having 45 mm diameter was bored out of the slabs. One of the 
■ specimens having 5 mm hole spacing was compressed to 95 percent of its thickness to further develop open-celts. AH 
of the compressed foams recovered well to near their original thickness. Open-cells were determined using the cylin- 
drical specimens of 45 mm diameter and 35 mm thickness. The open-cell contents were determined per ASTM D-2856 

10 procedure C. As shown in Table XI, the desired high level of open-cells developed by hole punching. Since hole punch- 
ing in 5 mm spacing already provided open-cell contents in the range from 92 to 95 percent, a further development of 
open-cells by compression was small. As anticipated, ESF1 having slightly smaller cells than the rest develops open- 
cells slightly less. , 

15 Table XI 



20 



Foam Desig. 


10 mm Spacing 
(D 


5 mm Spacing 
(2) 


5 mm Spacing & . Compression 
(3) 


PEF6 


72.5 


94.7 


95.3 


ESF1 


69.2 


92.6 


94.5 


ESF2 


72.9 


94.4 


95.7 



(1) Open-cell content of foam body hole-punched in 10 mm spacing in percent. 

(2) Open-cell content of foam body note-punched in 5 mm spacing in percent. 

25 < 3 ) Open-cell content of foam body hole-punched in 10 mm spacing and then compressed to 95 % of the original thickness in percent 

Test 12 

Mechanical and Vibration Damping Properties 

30 

[0103] The mechanical and vibration damping properties of the hole-punched foams were determined in order to 
know the suitability of the foam materials for use as an insert in a sandwich panel. The dynamic stiffness and loss 
factor were determined using a vibration table. A disc-shape foam specimen of 10 cm in diameter and 35 mm in 
thickness was mounted on a vibration table. On the top of the specimen, there was loaded a particle circular particle 

35 board of the same diameter. The surface weight of the particle board was approximately 1 0 kg/m 2 . One accelerometer 
was attached under the table and the other on the top surface of the particle board weight. The table was shaken 
vertically in random frequencies and the resonance frequency and damping ratio were determined from the acceler- 
ometer signals using a Brueel and Kjaer Model 3555 signal analyzer as used in Test 4. The dynamic stiffness was 
calculated from the resonance frequency, and the loss factor from the damping ratio. The mechanical and vibration 

40 properties of the foams are given in Table XII. 



Table XII 





Foam 


Needle 


Compres 


Compres 


Tensile 


Tensile 


Tensile 


Dynami c 


Loss 




Desig 


Spacing 


s. 


s. 


Strengt h 


Modulu s 


Elong. 


Stiffnes s 


Factor 


45 




d) 


Strength 


Modulus 


(4) 


(5) 


(6) 


(7) 


(8) 








(2) 


(3) 














PEF6 


10 


25 


747 


154 


1260 


30 


3.5 


0.41 



Note: ND = Not determined. 

(1 ) The spacing between holes in square pattern in millimeters. 

(2) Compressed strength in the vertical direction in kiloPascals determined per ASTM D-3575. 

(3) Compressive modulus in the vertical direction in kiloPascals determined per ASTM 0-3575. 

(4) Tensile strength at break in the vertical direction in kiloPascals determined per ASTM D-3575. 

(5) Tensile modulus in the vertical direction in kiloPascals determined per ASTM D-3575. 

(6) Tensile elongation in the vertical direction in percent determined per ASTM C-3575. 

(7) Dynamic stiffness in megaNewtons per cubic meter determined with a 35 mm thick foam specimen with a surface weight of 10 kilograms per 
square meter. 

(8) Loss fador determined at the same condition as for determination of dynamic stiffness. 
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Foam 
Desig 


Needle 
Spacing 
0) 


Conipres 
s. 

Strength 
(2) 


Compres 

s. 

Modulus 
(3) 


Tensile 
Strengt h 
(4) 


Tensile 
Modulu s 
(5) ' 


Elong. 
(6) 


Dynami c 
Stiff nes s 
(7) 


1 

Loss 
Factor 
(8) 


PEF6 


5 


22 


566 


ND 


ND 


ND 


1.7 


0.35 


ESF1 


10 


17 


482 . 


131 


790 


51 


4.8 


0.46 


ESF1 


5 


15 


362 


ND 


ND 


ND I 


3.2 


0.48 


ESF2 


10 


16 


464 


134 


814 


54 


5.0 


0.39 


ESF2 


5 


u | 


332 


ND 


ND 


ND 


3.1 


0.46 


Note: ND = Not determined. 









(1 ) The spacing between holes in square pattern in millimeters. 

(2) Compressed strength in the vertical direction in KBoPascals determined per ASTM D-3575 

(3) Compressive modulus in the vertical direction in kttoPascab determined per ASTM 0-3575 

(4) Tensile strength at break in the vertical direction in kOoPascals determined per ASTM D-3575 

(5) Tensile modulus in the vertical direction in WloPascafe determined per ASTM D-3575 

(6) Tensile elongation in the vertical direction In percent determined per ASTM C-3575 

^Dy^stiffness in megaNewtons per cubic meter determined with a 35 mm thick foam specimen with a surface 
(8) Loss factor determined at the same condition as for determination of dynamic stiffness. 



weight of 10 kaograms per 

i 



EEL*" T" H T tab ' e ' ,he f6amS h3Ve adequate «»Wlve strength and tensile toughness for use as a 

Ih. «.,.„» mongft. 10 mm-^.a hote torn « , M . ,„, eresmgl( 9 lte PBESI w7„«Tf^«T s „ m 
Test 13 



Sound Absorption Coefficient 

• Th f h S0Und ab80f P tion coefficients of the hole-punched macrocellular foams were measured oer ASTM E 
XSrSSSTT " d K S , Cribed T6St 4 AS Sh0Wn in Table X "'' « he compoSS had a minor effi 
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Table XIII 



w 
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Foam 


Needle 


Sound Absorption Coefficient 


Desig. 


Spacing 
(1) 


250 Hz 
(2) 


500 Hz 
(3) 


1000 Hz 
(4) 


2000 Hz 
(5) 


Maximu m 
(6) 


Freq. (Hz) 
(7) 


PEF6 


10 


0.21 


0.77 


0.60 


0.75 


1.00 


800 


ESF1 


10 


0.16 


0.79 


0.46 


0.61 


0.92 


740 


ESF2 


10 


0.15 


0.77 


0.50 


0.64 


0.95 


780 


PEF6 


5 


0.08 


0.28 


0.96 


0.43 


0.99 


960 


ESF1 


5 


0.09 


0.29 


0.96 


0.67 


0.98 


1020 


ESF2 


5 


0.08 


0.25 


0.96 


0.59 


0.99 


1030 



Notes: 

(1) The spacing between holes in square pattern In millimeters. 

(2) Sound absorption coefficient at a frequency of 250 Hz determined per ASTM E-1050. 

(3) Sound absorption coefficient at a frequency of 500 Hz determined per ASTM E-1050. 

(4) Sound absorption coefficient at a frequency of 1000 Hz determined per ASTM E-1050. 

(5) Sound absorption coefficient at a frequency of 2000 Hz determined per ASTM E-1050. 

(6) The maximum sound absorption coefficient at a frequency below 1600 Hz 

(7) The frequency where the maximum occurs. 
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Claims 

1 . A cellular thermoplastic polymer foam having an average cell diameter of greater than 4 mm, wherein the foam is 
obtainable by extruding a foamable gel, comprising the thermoplastic polymer having a blowing agent incorporated 
therein, through a die into a lower pressure zone which is at atmospheric or subatmospheric pressure or 

the foam has a portion of previously closed cells opened by mechanically cell opening or 

the foam has been crosslinked or 

the foam is in a coalesced strand form or 

in the form of non-crosslinked beads or 

the polymer has been grafted with a vinyl functional silane or an azido functional silane. 

2. A cellular thermoplastic polymer foam having an average cell diameter of greater than 2 mm wherein greater than 
50 percent of the cells have been opened by mechanical means, the percent open cells being measured according 
to ASTM D2856, Procedure C. 



40 
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3. A cellular thermoplastic polymer foam according to Claim 2 wherein the average ceil diameter is greater than 3 mm. 

4. A cellular thermoplastic polymer foam according to Claim 3 wherein the average cell diameter is greaterthan 4mm. 

5. A cellular thermoplastic polymer foam according to any of Claims 2-4 having an airflow resistivity of less than 
800,000 Rayls/m. 

6. A cellular thermoplastic polymer foam according to Claim 5 having an airflow resistivity of less than 400,000 Rayls/ 



so 



7. A cellular thermoplastic polymer foam according to Claim 6 having an airflow resistivity of less than 1 00,000 Rayls/ 



55 



8. A foam according to any of the preceding Claims further comprising a fire retardant. 

9. A foam according to any of the preceding Claims wherein the foam has been formed into a profile having a low 
dynamic stiffness. 

10. A foam according to any of the preceding Claims wherein the foam is prepared from an olefinic polymer. 
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11 ' tSUHT 9 10 Claim 10 Wh6rein ^ ° ,efiniC P ° ,ymer fe Se,6Cted fr ° m ethyleniC copolymer or 

1 2. A foam according to Claim 1 0 wherein the olefinic polymer is polypropylene. 

13 * rntSo 1 |ym^ rdin9 " ^ '° Wherei " *° ^ " * ° f — an ethyiene-styrene 

14. A foam according to Claim 11 wherein the ethylenic polymer is a low density polyethylene. 

ethXe^XXer 1 " ^ " 3 ^ °' 3 '° W and a " 

16 ' TO JJSSjw. t0 C ' aim 15 Wherei " ethy,ene - Styrene inte 'P 0| y mer a styrene intent of at'least 60 

17 " i,l°I!!, aCCOrdin . 9 t0 C ' a . im 15 ° f 16 Whefein the blend of a low densft y Polyethylene and an ethyiene-styrene 
rnterpolymer conta.ns at least 50 percent by weight of low density polyethylene. 

18. A foam according to Claim 9 wherein the profile is comprised of a core of cellular thermoplastic foam to whfch 

sriza* - ~ ,lu,ar thermopiastic po ^ er ,oam have bee - • £ — a »™ 
19 - rhX^^oi: ^ s:r es be,ween ,he midd,e ^ «*• - — 

20 ' thlZnS'" 9 l ° C ! aim 19 Wh6rein tHe diStanCeS betWee " ,he midd,e P° ints ° f the narrow strips of cellular ' 
thermoplastic foam on the same side of the foam core are from 300 mm to 600 mm. 

21. A foam according to Claim 9 wherein the profile is comprised of a core of cellular thermoplastic foam to which 
and at opposite ends of the foam core. 

22 ' ttZZ?™'*" 9 10 °' aim 21 Wherei " me diStanCeS betWe6n thS middle points of 106 narrow stri P s ™ * '^st 

23 i^SS^ C ' aim ^ Wherei " diStanCCS b8tWeen the middle POintS ° f tne narrow ** are between 

24. A foam according to any of the preceding Claims, wherein the foam is made by extrusion, the cells are elongated 
and the orientation of cell elongation is in the extrusion direction. elongated, 

25. A foam according to claim 24 which is closed celled. 

26. A process for preparing a cellular thermoplastic polymer foam structure comprising the steps of: 

a) providing a first cellular thermoplastic polymer foam structure with an average cell diameter of from 2 mm 
to 1 5 mm, wherein at least some portion of the cells thereof are closed-cells: and 

b) applying a means for opening closed-cells in a cellular thermoplastic polymer foam to at least some portion 

»! T ? ,r Said " rSt ,hem °P ,as,ic P 01 ^ arv.ch.re. such application being sufficient to 

mmthor? 6 a r i mi0 ^ StlC P °' ymer ' 0am StrUCture havin 9 an avera 9 e ce " diam «er of from 2 mm to 15 
mmwherengrea^ 

closed-cells in a cellular thermoplastic polymer foam. ««i*»m"8 
27 ' close^leT° rdin9 ,0 C ' aim 26 Wh6rein firSt Ce " U,ar ,hemi0 P ,as,ic P 01 *™ '«■«> structure is substantially 
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28. A process according to Claim 26 wherein the first cellular, thermoplastic polymer foam structure is substantially 
open -celled. 

29. A process according to Claim 26 wherein the first cellular thermoplastic polymer foam structure has an average 
cell diameter of from 2 mm to 1 0 mm. ' 

30. A process according to Claim 29 wherein the first cellular thermoplastic polymer foam structure has an average 
cell diameter of from 3 mm to 10 mm. 

31 . A process according to Claim 30 wherein the first cellular thermoplastic polymer foam structure has an average 
cell diameter of from 4 mm to 8 mm. 

32. A process according to any of Claims 26 to 31 wherein the first cellular thermoplastic polymer foam structure is 
prepared from an olefinic polymer. 

33. A process according to Claim 32 wherein the olefinic polymer is selected from ethylenic polymers, copolymers, or 
blends thereof. 

34. A process according to Claim 32 wherein the olefinic polymer is polypropylene. 

35. A process according to Claim 32 wherein the olefinic polymer is a blend of polypropylene and an ethylene-styrene 
interpolymer. 

36. A process according to Claim 33 wherein the ethylenic polymer is a low density polyethylene. 

37. A process according to Claim 33 wherein the ethylenic polymer is a blend of a low density polyethylene and an 
ethylene-styrene interpolymer. 

38. A process according to Claim 37 wherein the ethylene-styrene interpolymer has a styrene content of at least 60 
percent by weight. 

39. A process according to Claim 37 wherein the blend of a low density polyethylene and an ethylene-styrene inter- 
polymer contains at least 50 percent by weight of low density polyethylene. 

40. A process according to any of Claim 26 to 39 wherein greater than 70 percent of the cells of the cellular thermoplastic 
polymer foam structure have been opened by the application of the means for opening closed-cells in a cellular 
thermoplastic polymer foam. 

41 . A process according to Claim 40 wherein greater than 90 percent of the cells of the cellular thermoplastic polymer 
foam structure have been opened by the application of the means for opening closed-cel Is in a cellular thermoplastic 
polymer foam. 

42. A process according to any of Claims 26 to 41 wherein said means for opening is selected from perforation, slicing, 
compression, or combinations thereof. 

43. A process according to Claim 42 wherein said means for opening is perforation followed by compression. 

44. A process according to Claim 42 or 43 wherein the perforation is performed in a manner which results in the 
perforations being spaced one from another at distances which are no greater than 1 .5 times the average diameter 
of the cells within the first cellular thermoplastic polymer foam structure. 

45. A process according to Claim 44 wherein the perforation is performed in a manner which results in the perforations 
being spaced one from another at distances which are approximately equal to the average diameter of the cells 
within the first cellular thermoplastic polymer foam structure. 

46. A process according to Claim 44 wherein the perforation is performed in a manner which results in the perforations 
being spaced one from another at distances which are less than the average diameter of the cells within the first 
cellular thermoplastic polymer foam structure 
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47. A process according to any of Claims 42 to 46 wherein the perforation comprises puncturing the first cellular 
thermoplasfic polymer foam structure with one or more pointed, sharp objects 

48. AprocessaccordingtoC.aim47whereinthepointed, sharp objects is selected from need.es, pins, spikes, or nails. 

49 ' , aCC ° r K ing °' C ' aimS 42 t0 46 Wherei " the Perforation P^ng "e first cellular 

thermoplastic polymer foam structure by dri.ling, laser cutting, high pressure fluid cutting, air guns, or projectiles 

PatentansprOche 

1. ^""'SrerthemiopiastischerPolymerschau 

Schaum durch Extrud.eren eines schaumbaren Gels, das das thermop.astische Polymer mit eineml^noe 

HZ h h ^ DQSe 6inen B "* h niedri 9 eren bei SZ£L ouer 

Subatmospharendruck hegt. erhattlich ist, Oder der Schaum enthalt einen Anteil an zuvor gesch.ossenen ZeSen 
d,e durch mechamsches Zelloffnen geoffnet worden sind, oder der Schaum ist vernetzt woLn <Z? der Schaum 

25," T r T te S ert ^ S ,ran 9 fomioderi " F °™ ™ n^htvemetztenPerienvor Oder das PoCeSeiS 
vinytfunktionellen Silan oder einem azidofunktionellen Silan gepfropft worden. 

A^Sf^^^^ 

I M D2856, Verfahren C, gemessen worden ist. 1 
3 " ^ lu ^ rertheml0 P |astischer Polymerschaum nach Anspruch 2. wobei dermittlere Zelldurchmesser groBer als 3 

4 mm U T f ,herTT,0plaStiSCher P^^haum nach Anspruch 3, wobei der mittlere Zelldurchmesser groBer als 4 

5 - ^Z^^ZT e ^ um nach einem der Anspr0che 2 bfe 4 mit einem 

6 " 2o. U O l S e Rr y Z OPlaS,iSCher P0,ymerSChaum nach Ans P™ h 5 mit ei "em Luftf.usswiderstand von weniger ate 
7 ' ?oTooo e Rr y e ter P ' aStiSCher P0,ymerSChaUm nach Ans P™ h 6 mil Luftflusswiderstand von weniger als 
8. Schaum nach einem der vorstehenden Anspruche, der zusatzlich ein Rammhemmmittel enthalt. 

10 ' woSsT* einem V ° rStehenden der Schaum aus einem olefinischen Polymer hergestellt 

11 - sss? M A sr g urr das o,e,inische po,ymer aus9ewahft ist aus e,hy,e - ischen po, ~ ^ 

12. Schaum nach Anspruch 10, wobei das olefinische Polymer Polypropylen ist. 

13 " ^SSS£ZT ^ *" ° le " niSChe *" M ' SChUn9 aUS Und einem Ethylen- 

14. Schaum nach Anspruch 11 , wobei das ethylenische Polymer ein Polyethylen niedriger Dichte ist. 

1 5 - S^KSSSS^ t e,hy,enische Polymer eine Mischung aus Po * e,hy,en niedri ° er D ^ te und 
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16. Schaum nach Anspruch 15, wobei das Ethylen-Styrol-lnterpolymer einen Styrolgehatt von wenigstens 60 Gew.- 
%hat. 

17. Schaum nach Anspruch 15 oder 16, wobei die Mischung eines Polyethylen niedriger Dichte und eines Ethylen- 
Styrol-lnterpolymers wenigstens 50 Gew.-% Polyethylen niedriger Dichte enthalt. 

18. Schaum nach Anspruch 9, wobei das Profil einen Kern aus cellularem thermoplastischem Schaum aufweist, auf 
dem schmale Streifen desselben Oder eines unterschiedlichen cellularen therm oplastischen Polymerschaums al- 
ternierend auf gegenubertiegenden Seiten des Schaumkerns angebracht worden sind. 

19. Schaum nach Anspruch 1 8, wobei die Abstande zwischen den Mittelpunkten der schmalen Streifen aus cellularem 
thermoplastischem Polymerschaum wenigstens 250 mm betragen. 

20. Schaum nach Anspruch 1 9, wobei die Abstande zwischen den Mittelpunkten der schmalen Streifen aus cellularem 
thermoplastischem Schaum auf derselben Seite des Schaumkerns 300 mm bis 600 mm betragen. 

21. Schaum nach Anspruch 9, wobei das Profil einen Kern aus cellularem thermoplastischem Schaum aufweist, an 
dem schmale Streifen derselben oder einer unterschiedlichen cellularen thermoplastischen Schaumstruktur auf 
derselben Seite und auf gegenuberliegenden Enden des Schaumkerns angebracht worden sind. 

22. Schaum nach Anspruch 21, wobei die Abstande zwischen den Mittelpunkten der schmalen Streifen wenigstens 
350 mm betragen. 

23. Schaum nach Anspruch 22, wobei die Abstande zwischen den Mittelpunkten der schmalen Streifen zwischen 450 
mm und 600 mm liegen. 

24. Schaum nach einem der vorstehenden Anspruche, worin der Schaum durch Extrusion hergestellt wird, die Zellen 
langgestreckt sind und die Orientierung der Zellstreckung in Extrusionsrichtung liegt. 

25. Schaum nach Anspruch 24, der geschlossenzellig ist. 

26. Verfahren zur Herstellung einer cellularen thermoplastischen Polymerschaumstruktur, umfassend die Schritte: 

a) Bereitstellen einer ersten cellularen thermoplastischen Polymerschaumstruktur mit einem mittleren Zeil- 
durchmesser von 2 mm bis 15 mm, wobei wenigstens ein Teil deren Zellen geschlossene Zellen sind, und 

b) Anwendung eines Mittels zum Offnen geschlossener Zellen in einem cellularen thermoplastischen Poly- 
merschaum auf zumindest einige Anteile von zumindest einer Oberflache dieser ersten thermoplastischen 
Polymerschaumstruktur, wobei diese Anwendung ausreichend ist, urn zu einer cellularen thermoplastischen 
Polymerschaumstruktur mit einem mittleren Zelldurchmesser von 2 mm bis 15 mm zu fiihren, wobei mehr als 
50% der Zellen durch die Anwendung der Mittel zum Offnen geschlossener Zellen in einem cellularen ther- 
moplastischen Polymerschaum geoffnet worden sind. 

27. Verfahren nach Anspruch 26, wobei die erste cellulare thermoplastische Polymerschaumstruktur im wesentlich 
geschlossenzellig ist. 

28. Verfahren nach Anspruch 26, wobei die erste cellulare thermoplastische Polymerschaumstruktur im wesentlich 
offenzellig ist. 

29. Verfahren nach Anspruch 26, wobei die erste cellulare thermoplastische Polymerschaumstruktur einen mittleren 
Zelldurchmesser von 2 mm bis ,1 0 mm aufweist. 

30. Verfahren nach Anspruch 29, wobei die erste cellulare thermoplastische Polymerschaumstruktur einen mittleren 
Zelldurchmesser von 3 mm bis 1 0 mm aufweist. 

31. Verfahren nach Anspruch 30, wobei die erste cellulare thermoplastische Polymerschaumstruktur einen mittleren 
Zelldurchmesser von 4 mm bis 8 mm aufweist. 

32. Verfahren nach einem der Anspruche 26 bis 31 . wobei die erste cellulare Ihermoplastische Polymerschaumslruklur 
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aus einem olefinischen Polymer hergestelit ist. 

M - ^ aUS9eW5hft ^ - ^ienfcchen Po^eren, Cop- 

34. Verfahren nach Anspruch 32, wobei das olefinische Polymer Polypropylen ist. ' 

35 ' Clt«Zl^erT s r *" W0b6i °' efiniSChe P ° ,ymer eiPe MfeChU " 9 3US POlypr ^ ,en Und einem Eth y«- 

36. Verfahren nach Anspruch 33, wobei das ethylenische Polymer ein Polyethylen niedriger Dichte ist. 

37. Verfahren nach Anspruch 33, wobei das ethylenische Polymer eine Mischung aus Polyethylen niedriqer Dichte 
und einem Ethylen-Styrol-lnterpolymer ist. "'ye.nyiennieangeru.chte 

M ' ^auJweisr 0 " AnSPrUCh W ° bei ^ B W en S * M <»P°*™< einen Styrolgehalt von wenigstens 60 Gew, 

39 ' ££S AnSPmCh 37 ' W ° bei die MiSChU " 9 aUS einem Po| y^ylen niedriger Dichte und einem Ethylen- 
Styrol-lnterpolymer wemgstens 50 Gew.-% Polyethylen niedriger Dichte enthalt. 

40. Verfahren nach einem der AnsprOche 26 bis 39, wobei mehrals 70% derZellen der cellularen thermoplastischen 
SSTpt du «* A ™- d ""9 der Mitte. zur Offnung von gesch.ossenen Zellen XSSSZ 
thermoplastischen Polymerschaum geoffnet worden sind. 

41 . Verfahren nach Anspruch 40, wobei mehr als 90% der Zellen der cellularen thermoplastischen Polymerschaum- 

prjrrr^^ 

42 - ^:^zz^^:^t die Mit,ei zur — « 

43. Verfahren nach Anspruch 42, wobei diese Mittel zur Offnung Perforation, gefolgt von Kompression sind. 

44. Verfahren nach Anspruch 42 Oder 43, wobei die Perforation in einer Art und Weise durchgefuhrt wird die zu Per- 
foration fuhrt, die in einem Abstandzueinanderangeordnet sind, der nlchtgrofler als d^ 1 Swedes m«ie«n 
Durchmessers der Zellen innerhalb der ersten cellularen thermoplastischen PobrmerschaumsSur 1 1 

45 " ™fZT£^T Ch 441 T diS Perf ° rati0n in einer Art und Weise durchgefuhrt wird, die zu Perforationen 
tanlS rf T I an 9 eordnet sind - die <"» gleich dem mittleren Durchmesser der Zellen 
mnemalb der ersten cellularen thermoplastischen Polymerschaumstruktur sind. 

46 ' M^ZT^ f-" S r Ch 441 W °, bei die Perf ° ra,i0n in 6iner Art und Weise ^rchgefuhrt wird, die zu Perforationen 
%X£2 f .? f Ueina " der an 9 eordnet sind ' die kle *^ ™« als der mittlere Durchmesser der Ze.len in 
nertialb der ersten cellularen thermoplastischen Polymerschaumstruktur. 

47 Verfahren nach einem der Anspriiche 42 bis 46, wobei die Perforation Punktierung der ersten cellularen thermo- 
plastrschen Po^merschaumstruktur mft einem odermehreren spitzen scharfen Objekten umfaS 

48 ' olermgeT AnSPmCh 4? ' W ° bei SPitZen SCharfen ° bjekte aUS9eWahlt Sind aus Nadel ^ Stifte ". Sachem 

49 ' oTastiSrS einem K er AnSP ^ he 42 WS W0b6i die Perfora,ion P "^erung der ersten celluiaren thermo- 
TrtTr^T»^™ M "* BOhren ' LaSereC "" eide ". Hochdruckf.Ossigke«sschneiden, Luftgeweh- 
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Revendications 

1. Mousse de polymere thenmoplastique alveolaire, ayant un diametre moyen d'alveole superieur a 4 mm, que Ton 
peut obtenir en extrudant un gel transformable en mousse, comprenant le polymere thermoplastlque auquel est 
incorpore un agent d'expansion, par une filiere dans une zone de pression inferieure qui est a la pression atmos- 
pherique ou a une pression inferieure a la pression atmospherique, 

ou bien une partie des alveoles precedemment fermees de ia mousse est ouverte par une ouverture mecanique 
des alveoles ou bien la mousse a ete reticulee ou bien la mousse est sous la forme de brins agglomeres ou sous 
la forme de peries non reticulees ou bien le polymere a ete greffe avec un siiane a groupe fonctionnel vinyle ou 
avec un siiane a groupe fonctionnel azido. 

2. Mousse de polymere thermoplastique alveolaire, ayant un diametre moyen d'alveole superieur a 2 mm, dont plus 
de 50 % des alveoles ont ete ouvertes par des moyens mecaniques, le pourcentage d'alveoles ouvertes etant 
mesure conformement a la norme ASTM D2856, mode operatoire C. 

3. Mousse de polymere thermoplastique alveolaire selon la revendication 2, dont ie diametre moyen d'alveole est 
superieur a 3 mm. 

4. Mousse de polymere thermoplastique alveolaire selon la revendication 3, dont le diametre moyen d'alveole est 
superieur a 4 mm. 

! 

j 

5. Mousse de polymere thenmoplastique alveolaire selon Tune quelconque des revendications 2 a 4, qui presente 
une resistivite a recoupment de fair inferieure a 800 000 Rayls/m. 

6. Mousse de polymere thermoplastique alveolaire selon la revendication 5, qui presente une resistivite a recoup- 
ment de Pair inferieure a 400 000 Rayls/m. 

7. Mousse de polymere thermoplastique alveolaire selon la revendication 6, qui presente une resistivite a recoup- 
ment de I'air inferieure a 100 000 Rayls/m. 

8. Mousse selon I'une quelconque des revendications precedentes, qui renferme en outre un agent freinant I'inflam- 
mation. 

9. Mousse selon I'une quelconque des revendications precedentes, qui a ete mise sous la forme d'un profile ayant 
une faible rigidite dynamique. 

10. Mousse selon I'une quelconque des revendications precedentes, qui est preparee a partir d'un polymere olefinique. 

1 1 . Mousse selon la revendication 1 0, pour laquelle le polymere olefinique est choisi parmi les polymeres ethyleniques, 
Jes copolymers ethyleniques et leurs melanges. 

12. Mousse selon la revendication 10, pour laquelle le polymere olefinique est un polypropylene. 

13. Mousse selon la revendication 10, pour laquelle le polymere olefinique est un melange de polypropylene et d'un 
copolymere d'ethylene et de styrene. 

14. Mousse selon la revendication 11, pour laquelle le polymere ethylenique est un polyethylene basse densite. 

15. Mousse selon la revendication 11 , pour laquelle le polymere ethylenique est un melange d'un polyethylene basse 
densite et d'un copolymere d'ethylene et de styrene. 

16. Mousse selon la revendication 15, pour laquelle le copolymere d'ethylene et de styrene a une teneur en styrene 
d'au moins 60 % en poids. 

1 7. Mousse selon la revendication 1 5 ou 1 6, pour laquelle le melange de polyethylene basse densite et de copolymere 
d'ethylene et de styrene contient au moins 50 % en poids de polyethylene basse densite. 

18. Mousse selon la revendication 9. pour laquelle le profile est constitue d'un coeur en mousse thermoplastique 
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alveolaire, auquel des bandes etroites de la meme mousse de polymere memnoplastique alveolaire ou <fune mous 
c^ e P n°rr 6rm0P,aStiqUe a,V60,aifB ° nt ~ *- 8,tema ^ « 

19. Mousse selon la revendicaUon 18, pour laquelle les distances entretes points moyens des bandes etroites de 
mousse de polymere thermoplastique alveolaire sont cfau moins 250 mm ? 

20. Mousse selon la revindication 19. pour laquelle les distances entre les points moyens des bandes etroites de 
mousse thermoplastique a!veo.aire sur le meme cote du coeur en mousse sont de 300 mm a 600^ 

21. Mousse selon la revendication 9, pour laquelle le profile est constitue <fun coeur en mousse themioplastiaue 
rcoeT^ 

22 l3ntS a r endfcati ° n 21 ' P ° Ur ,aqUe " e 165 diS,8nCeS enfre 168 POin,S m ^ns des bandes etroites sont 

"■ ^S^^SS^S^ ,aque,,e ,es distences emre ,es poin,s moyensdes «»— «— - 

24. Mousse selon rune quelconque des revendications precedents, qui estfabriquee par extrusion et dont les alveo 
les sont allongees, I'allongement des alveoles s'effectuant dans la direction d'extrusion 

25. Mousse selon la revendication 24. qui est a alveoles fermees. 

X SrcotSntT" 0 " d ' UOe StrUCtUre ^ m ° USSe ^ P °^ 6re the -°P'^- alveolaire, qui comprend les ' 

a) prendre une premiere structure de mousse de polymere thermoplastique alveolaire ayant un diametre 
moyend'alveo,ede2mma15mm, dont au moins une certaine paitie des aLo,es sont des aCo.es Sel 

oL S v°mT^ aU "ft 8 Une A Certaine P artie d ' au ™™ »™ surface de ladite premiere structure de mousse de 
polyme e thermoplastique a un precede pour ouvrir des alveoles fermees presentes dans la mousse de do 
ym^e them.oplast.que alveolaire, ce precede permettant cfobtenir une structure de meussTde po^re 
2vZs So T°' T l Un diam ' tre m ° yen d ' a,V60 ' 6 de 2 mm a 15 ™- *•* *» * 5oTdes 

rui^r^s 

28. Precede selon la revendication 26, dans lequel la premiere structure de mousse de polymere thermoolastioue 
alveolaire est en grande partie a alveoles ouvertes. po'ymere rnermopiastique 

" 2SKS 5=ES £2 S K * ~ * ^~p,astique 

31 ' Sel °" 5 revandication 30 ' dans Nuel la premiere structure de mousse de polymere themioplastiaue 

alveolaire a un diametre moyen d'alveole de 4 mm a 8 mm. pu'ymere mermopiastique 

32 Z^ttT" tU T quelcon< > ue des revendications 26 a 31, dans lequel la premiere structure de mousse de 
polymere thermoplastique alveolaire est prepare a partir d'un polymere elef inique. 

33. Precede selen ,a revendication 32, dans lequel le polymere o.etinique est cheisi parmi les polymeres ethy.eniques, 
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les copolymers ethyleniques et leurs melanges. 

34. Proc6d6 selon la revendication 32, dans lequel le polymere oiefinique est un polypropylene. , 

35. Procede selon la revendication 32, dans lequel le polymere oiefinique est un melange de polypropylene et d'un 
copolymere Methylene et de styrene. 

36. Proc6d6 selon la revendication 33, dans lequel le polymere ethyienique est un polyethylene basse densite. 

37. Proced6 selon la revendication 33, dans lequel le polymere ethyienique est un melange d'un polyethylene basse 
densite et d'un copolymere d'dthylene et de styrene. 

38. Procede selon la revendication 37, dans lequel le copolymere d'6thylene et de styrene a une teneur en styrene 
d'au moins 60 % en poids. 

39. Procede selon la revendication 37, dans lequel le melange de polyethylene basse densite et de copolymere Methy- 
lene et de styrene contient au moins 50 % en poids de polyethylene basse densite. 

40. Procede selon Tune quelconque des revendications 26 a 39, dans lequel plus de 70 % des alveoles de la structure 
de mousse de polymere thermoplastique alveolaire ont ete ouvertes par application du procede d'ouverture des 
alveoles fermees presentes dans une mousse de polymere thermoplastique alveolaire. 

41. Procede selon la revendication 40, dans lequel plus de 90 % des alveoles de la structure de mousse de polymere 
thermoplastique alveolaire ont ete ouvertes par application du procede d'ouverture des alveoles ferm6es presentes 
dans une mousse de polymere thermoplastique alveolaire. 

42. Procede selon J'une quelconque des revendications 26 a 41 , dans lequel fedrt procede d'ouverture estchoisi parmi 
la perforation, le decoupage en tranches, la compression et leurs combinaisons. 

43. Proc6de selon la revendication 42, dans lequel ledit proc6d6 d'ouverture est la perforation suivie d'une compres- 
sion. 

44. Procede selon la revendication 42 ou 43, dans lequel on realise la perforation d'une maniere qui donne des per- 
forations espac6es les unes des autres d'une distance qui ne depasse pas 1 ,5 fois le diametre moyen des alveoles 
presentes dans la premiere structure de mousse de polymere thermoplastique alveolaire. 

45. Procede selon la revendication 44, dans lequel on realise la perforation d'une maniere qui donne des perforations 
espacees les unes des autres d'une distance qui est approximativement egale au diametre moyen des alveoles 
presentes dans la premiere structure de mousse de polymere thermoplastique alveolaire. 

46. Procede selon la revendication 44, dans lequel on realise la perforation d'une maniere qui donne des perforations 
espacees les unes des autres d'une distance qui est inferieure au diametre moyen des alveoles presentes dans 
la premiere structure de mousse de polymere thermoplastique alveolaire. 

47. Procede selon I'une quelconque des revendications 42 a 46, dans lequel la perforation comprend le percement 
de la premiere structure de mousse de polymere thermoplastique alveolaire au moyen d'un ou plusieurs objets 
tranchants, pointus. 

48. Procede selon la revendication 47, dans lequel les objets tranchants, pointus, sont choisis parmi les aiguilles, les 
epingles, les pointes et les clous. 

49. Procede selon I'une quelconque des revendications 42 a 46, dans lequel la perforation comprend le percement 
de la premiere structure de mousse de polymere thermoplastique alveolaire par forage, par decoupage au laser, 
par decoupage avec un fluide a haute pression, par des canons a air ou par des projectiles. 
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